t o separate t h e d i s l o c a t i o n resonance (DR) c o n t r i b u t i o n s aD and AVD/v0. The e v a l u a t i o n o f data i s c o n s i d e r a b l y improved b y t h e use o f t h e frequency dependence o f A v~/ v~, e s p e c i a l l y a t T < 50K where aD becomes masked by t h e phonone l e c t r o n a t t e n u a t i o n . The observed DR-effects have been analyzed i n terms o f t h e Granato-Lucke DR-theory. From t h e d e r i v e d temperature dependences o f A L~, B/A and t 2 6 ( A d i s l o c a t i o n d e n s i t y , L d i s l o c a t i o n mean f r e e l o o p l e n g t h between p i n n i n g p o i n t s , B d i s l o c a t i o n d r a g c o e f f i c i e n t ) we f i n d ( i ) B(T) i n agreement w i t h c u r r e n t t h e o r i e s and B(273K (4 + 2 ) . 1 0 -~~s / m~ i n c l u d i n g t h e e l e c t r o n d r a g c o e f f i c i e n t Be = ( I f 2)aIO-&;/m2 ; ( i i ) L t o be independent o f T b u t A t o decrease w i t h T down t o t h e l o w e s t T. T h i s A(T) behaviour i s d i scussed.

I n t r o d u c t i o n . -MHz-measurements o f d i s l o c a t i o n resonance (DR) damping a r e a v a l ua b l e t o o l f o r t h e i n v e s t i g a t i o n o f t h e i n t e r a c t i o n o f d i s l o c a t i o n s w i t h phonons and
e l e c t r o n s ( d r a g c o e f f i c i e n t B /1,2/).
F o r t h e e v a l u a t i o n o f B(T) from such measurements i t has been t a c i t l y assumed t h a t t h e " d i s l o c a t i o n resonance s t r e n q t h " ( b e i n g p r o p o r t i o -2 n a l t o AL ( w i t h A d i s l o c a t i o n d e n s i t y and L d i s l o c a t i o n l o o p l enoth) i s independent o f
T. However, t h e r e a r e MHz-results which i n d i c a t e t h a t such an assumption m i g h t n o t be j u s t i f i e d : ( i ) w i t h t h e s t a n d a r d MHz-pulse-echo t e c h n i q u e T-dependent changes o f L e a s i l y r e s u l t from d i s l o c a t i o n break-away caused by t h e d i f f e r e n t thermal expansion o f t r a n s d u c e r and sample (QSD-effect /3,4/) ; ( i i ) sound v e l o c i t y measurements by A l e r s 2 and Zimmermann 15 y e a r s ago showed t h a t t h e d i s l o c a t i o n modulus d e f e c t F. 1D -AL decrea-
ses w i t h decreasing T down t o 0.3K. B o t h p o i n t s c a s t doubts on MHz-B(T)-measurements.
Furthermore t h e MD r e s u l t s cannot be e x p l a i n e d i n t h e frame o f t h e c l a s s i c a l v i b r a t i n g s t r i n g model as worked o u t by Koehler /6/ and Granato and Lucke /7/. W i t h t h e p r e s e n t work we i n t e n d t o c o n t r i b u t e t o c l a r i f i c a t i o n o f t h e M H Z -" A L~" problem by simultaneous 2. Experimental.-Our experiments were performed on a < I l l > o r i e n t e d Cu s i n g l e c r y s t a l w i t h RRR 1100. T h i s RRR r e f e r s t o e l e c t r i c a l p u r i t y s i n c e i t i s measured a f t e r i n - [Both i s e x p l a i n e d by assuming t h a t t h e p r e c i p i t a t i o n o f Fe, OY d u r i n g i n t e r n a l o x i d a t i o n a t t h e same t i m e cleans t h e l a t t i c e from Fe and some r e s i d u a l i m p u r i t i e s which o t h e r w i s e form C o t t r e l l clouds d u r i n g heat treatment and thus make t h e h i g h p u r i t y Cu s e n s i t i v e t o QSD]. The sample p r e p a r a t i o n , y -i r r a d ia t i o n and t h e techniques o f a t t e n u a t i o n and v e l o c i t y measurements a r e d e s c r i b e d i n /g/. The c o o l i n g was performed by a conventional ~e 4 -e v a p o r a t i o n c r y o s t a t . F o r t h e temperature measurements a c a l i b r a t e d P t r e s i s t o r resp. Si-Diode was used. D u r i n g t h e a ( f ) , v ( f ) measurements t h e temperature was h e l d c o n s t a n t w i t h i n + 0.1 K.
3. Experimental Results and Evaluation.- Fig.1 ( a ,b) shows t h e a ( T ) ( f i g . l a ) and v ( T ) 
t a which c o u l d be measured o n l y up t o 90 MHz because o f h i g h a t t e n u a t i o n i n t h e present c r y s t a l (measurable l i m i t 2 : 4.5 dB/us). A t T > 100K a ( T ) i s d i f f e r e n t a t low and h i g h f: a t 10 MHz a continuous a(T) decrease, a t 90 MHz a broad maximum around 150K i s observed. The steep a ( T ) i n c r e a s e a t T < 50K i s due t o phonon-electron abs o r p t i o n (PEA, c . f . / I D / ) . The d i s l o c a t i o n c o n t r i b u t i o n aD(T) i s o b t a i n e d by subtract i o n o f t h e background a t t e n u a t i o n aB(T) measured a f t e r s t r o n g y -i r r a d i a t i o n and i nc l u d i n g t h e PEA c o n t r i b u t i o n apE ( c.f. dashed curve f o r 50 MHz i n f i g . l a ) . I n c o n t r a s t t o t h e u n i r r a d i a t e d s t a t e s a f t e r i r r a d i a t i o n a Q S D -e f f e c t a i s o b s e r v e d ( f i g . l a ) w h i c h QSD i s due t o d i s l o c a t i o n break-away from i r r ad i a t i o n p i n n i n g p o i n t s (PP)
.
The (6,MD)-data a r e compared w i t h t h e theore-,,---_____ t i c a l f-dependence o f 6 resp. MD according t o the GL-theory f o r an exponential L -d i s t r ib u t i o n /7/. Our reasons f o r t h e choice o f t h e GL-frequency p r o f i l e (GLP) have been given elsewhere /g/. Here we l i k e t o remind t h a t t h e GLP i s a i n t e r l i n k e d combination ( l a r g e c i r c l e s i n f i g . 3 ) o f t h e 6-branch ( s o l i d cur-
Frequency f [MHz]
ve) and t h e MD-branch (dashed curve) which FIG 3 Comparison of present (&,MD)-are t o be simultaneously compared w i t h t h e -data w i t h t h e GC-theory.
6(f)-resp. MD(f)-data. As seen i n f i g . 3 an e x c e l l e n t f i t o f t h e present data i s obtained a t a l l T ( f o r T < 50K t h e 6 -f i t s a r e omitted because apE >> ctD, see above). Thus f o r f u r t h e r evaluation o f o u r data we consider t h e T-behaviour o f -t h e GLP which i s conv e n i e n t l y described /7/ by t h e maximum o f t h e &-branch (arrows i n f i g . 3 ) o r by t h e MD* = 0.5-MDLoW-value ( a s t e r i s k s )
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JOURNAL DE PHYSIQUE w i t h R o r i e n t a t i o n f a c t o r , G shear modulus, b Burgers v e c t o r , C l i n e t e n s i o n . F o r l at e r purposes we add t h e decrement f o r f << fblAX 4 2 dLOW = 19.7 Q G~~B AL f / C (7
As f i g . 3 shows fMAX i n c r e a s e s w i t h decreasing T ( f r o m 13 MHz a t 273K t o 100 MHz a t 50K).
Q u a l i t a t i v e l y s u i h a s h i f t i s p r e d i c t e d by t h e t h e o r e t i c a l /12/ B -T dependence a t T/QD > 0.2 (QD = 345K Debeye-T). However, i t i s t o be p o i n t e d o u t t h a t t h e " d i s l o c a t i o _ ? resonance s t r e n g t h " GMAX which i s independent o f B (equ. ( 3 ) ) decreases w i t h decreas i n g T. Such a GMAX(T)-behaviour p o i n t s t o a more complex T-dependence o f DR t h a n h i t h e r t o t r e a t e d by t h e t h e o r y and m o s t l y assumed f o r e v a l u a t i o n o f experimental data 2 (GMAX -! L = c o n s t /13,14/, see however /3,15/). T h i s c r u c i a l p o i n t , t h e T-dependence o f A L~, i s even b e t t e r demonstrated by comparing t h e measured MDLOW(T)-behaviour w i t h t h e o r y (equ.(5) . MDLOW b e i n g independent o f B and any s t r o n g l y T-dependent
2 2 q u a n t i t i e s : C(-Gb ) cancels t h e Gb -dependence i n equ. (5)): As f i g . 2 and 3 show
MD W(T) decreases c o n t i n u o u s l y w i t h decreasing T down t o l o w e s t T. Adding A l e r s and -L 0 Zimmermann's /5/ r e s u l t s we conclude t h a t t h e MD(T) decrease continuous down t o even 0.3K.
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Fig.4 shows t h e T-dependence o f t h e DR parameters which can be d e r i v e d from t h e GLt h e o r y w i t h o u t r e s o r t t o any
L ( T ) (which c o u l d be t h e reason f o r t h e 11L b e h a v i o u r ) a t t h e c o s t o f i n t r o d u c i n g B(T). I f we would assume A = c o n s t t h e d e p i c t e d B/A-behaviour would d i -
r e c t l y r e p r e s e n t t h e T-dependence o f B. The almost l i n e a r B/A-behaviour f o r T > 50K c o u l d then be e x p l a i n e d by phonon s c a t t e r i n g (Bph -T ) b u t t h e i n c r e a s e i n B/A a t T < 30K t h e n i s i n c o n t r a d i c t i o n t o any c u r r e n t t h e o r y / l ,16/. Furthermore, B/ A decreases by t h e f a c t o r o f 3 between 273 and 4.2K whereas from t h e o r e t i c a l arguments 
t i o n d e n s i t y ( i n t h e sense o f t o t a l d i s l o c a t i o n length/cm3 ) i s T-independent we have t o conclude t h a t t h e number o f l o o p s c o n t r i b u t i n g t o d i s l o c a t i o n resonance i s tem-
p e r a t u r e dependent. Such an e f f e c t p o i n t s towards some i n t i m a t e p r o p e r t y o f t h e d i sl o c a t i o n s i n v o l v e d i n MHz-DR and p r o b a b l y has t o be discussed i n terms o f T-dependent k i n k -(and perhaps s t a c k i n g f a u l t -) behaviour. I t seems i m p o s s i b l e t o a t t r i b u t e t h e observed A ( T ) t o t h e temperature dependent d e n s i t y o f thermal l y generated k i n kp a l r s , s i n c e t h i s cannot e x p l a i n e.g. A (T) a t <100K. Thus we a t t r i b u t e t h e A ( T ) beh a v i o u r t o an unexplained T -i n f l u e n c e on t h e m o t i o n o f geometrical k i n k s i n Cu.
